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EXECUTIVE SUMMARY

The purpose of this task is to characterize the physical properties of kaolin/sand slurry used
to test the performance of a new submersible mixer pump (SMP) which is undergoing
performance testing at the TNT Waste Tank mockup facility. Three different sample
locations, the SMP cooling water exit (CWE), the SMP fluid flow field (FFF), and SMP
effective cleaning radius (ECR) were used for sampling over the seven day test. The
physical properties determinations for the kaolin/sand slurry samples include rheology,
weight percent total solids (wt% TS), density, and particle size distribution (PSD) were
requested, though not all these determinations were performed on all the samples.

The physical properties determinations are described in more detail in section 1.0.
Measurements were performed at Savannah River National Laboratory (SRNL) in
accordance with the Technical Assistance Request (TAR)'.

The data, average of two measurements, is shown in the table below. This data clearly shows
that the SMP-CWE samples contained more solids than those at other sample locations for a
given sample day. The SMP-FFF and SMP-ECR were similar in solids content. The
rheology of the samples is dependent on the wt% solids concentration and are all within the
bounds stated in the TAR. The particle size distribution is discussed in section 1.4.

Average of Two Measurements
Sarnple Day Yield stress | Consistenc
location Pulled | wt% T.S. | Density (g/mL) (dlyenes/cmz) P) y
1 25.17 1.180 122.0 8.04
2 24.04 1.171 107.9 7.52
3 23.86 1.171 107.6 7.43
SMP-CWE 4 23.89 1.173 109.2 7.42
5 23.01 1.165 95.6 6.86
6 23.02 1.164 99.0 7.03
7 23.23 1.167 97.9 7.03
1 24.32 1.177 N/M N/M
2 23.72 1.167 N/M N/M
3 23.49 1.165 N/M N/M
SMP-FFF 4 23.41 1.169 N/M N/M
5 22.77 1.162 N/M N/M
6 22.69 1.161 N/M N/M
7 22.92 1.164 N/M N/M
3 23.51 1.168 104.3 7.21
SMP-ECR 6 22.06 1.157 83.3 6.39
7 22.97 1.165 96.7 6.98

N/M = not measured

! Altman, D., “Testing and Sampling support at TNX for Submersible Mixer Pump (SPM) Test”, HAL-TAR-
2004-077, Rev. 1, July 21, 2004
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Waste on Wheels (WOW) engineering requested' SRNL Immobilization Technology Section
(ITS) to perform physical characterization of the kaolin/sand slurry used to characterize the
performance of a new SMP. The testing of the new SMP was performed at the TNX Waste Tank
mockup facility. During the 7> day SMP test using the kaolin/sand slurry, samples were pulled
from three different locations. The sampling day, sample location, and requested physical
property analyses are shown in Table 1-1.

Table 1-1: Analysis Requested of Provided Samples

Day sample

pulled Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

53] 53] 53] 53] 53] 53] 53]
= k8|25 8285|6858z |8z &5
. QIE RO B RO |5 RO |5 RO |5 RO 5 RO | /R
Sample Location | 5 E el E el A E = E e E = E el e E e
21%\3|2|%|3|2|2|8|3|2|8|3|5|8|3|%|3|3|%|3
@ Rheology | X X X X X X X X] X X
E Density X X X| X X| X[ X| X| X X| X X| X[ X X| X| X
g wt% TS X X X X X| X| X X| X X| X X| X[ X X| X| X
< PSD XXX x| x[x[x

Blanks mean specified analysis was not requested for this sample.

The location and method of sampling is provided in Table 1-2. A 400 mL sample at each sample

location per day was required to complete the necessary physical characterization.

Table 1-2: Sample Location and Method of Sampling for the SMP Test

Location

Sampling Method

SMP - Cooling Water
Exit (CWE)

There are four discharge motor cooling streams leaving the motor housing. A clean
stainless steel beaker will be used to gather a sample from the discharge and sample(s)
poured into a sample bottle. The sample cup was wetted with the CWE prior to

sampling.

SMP - Fluid Flow Field
(FFF)

A pump was used to pull a sample from the discharge of the rotating SMP. The sample
was pulled two feet from the bottom of the tank when the jet rotated into the sampling

location.

SMP — Effective
Cleaning Radius (ECR)

A dip sample (1 to 3 feet deep) was collected from a stagnant zone near the edge of the

tank opposite of the SMP.

Once the samples were received at SRNL, samples that required PSD analysis were pulled and
delivered to the Analytical Development Section (ADS) for analysis. Prior to pulling the sample,
the sample bottles were homogenized. The remaining analyses occurred at Aiken County

? Kaolin/Sand slurry samples from the SMP testing were sampled from July 15" through July 21%, 2004.
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Technology Laboratories (ACTL). The following sections describe the method used to perform
the various analyses, the results, and any conclusions.

Prior to any measurement at ACTL, the samples were homogenized. Additional handling of the
sample was performed prior to rheological measurements and is described in more detail in the
rheology section.

1.1 Weight Percent Total Solids

Weight percent total solids were performed using a Mettler Toledo HR83 Halogen Moisture
analyzer. This moisture analyzer uses a load cell that continuously measures the mass of the
sample during the measurement and a halogen heat lamp that is controlled by an infrared
thermometer. The mass of a sample pan is first measured and the weight tared. Approximately
a 1.5 to 3 gram sub-sample of the kaolin/sand sample is placed onto the sample pan and this
mass is recorded by the analyzer. The temperature of the sample is then ramped to 105°C and
maintained at 105°C throughout the measurement. The temperature is maintained until the
weight of the sample does not change more than 1 milligram over a 20 second period and this
final mass is recorded by the analyzer. The wt% TS is then determined by taking the ratio of
the final mass to initial mass and multiplying this value by 100%. The analyzer load cell is
checked on a daily basis (when used) using a 2.0 gram weight and functionally checked using a
7.0 wt% salt solution.

For each sample that required wt% TS, two replicates were analyzed. The individual results,
average and percent standard deviation are shown in Table 1-3. There were no limits provided
in the TAR stating the range in which the wt% TS must be within. The SMP procurement
specification® states wt% solids range of 0 to 17% (section 3.3.1.1) for tank environmental
conditions and a 20 wt% TS (section 4.1.3) for SMP acceptance testing. In both case, the wt%
TS of the kaolin/sand slurries exceeded these limits. The data does reveal that samples pulled
on the same day, the CWE samples are slightly higher in wt% TS as compared to the FFF and
ECR samples. The FFF and ECR samples pulled on the same days have similar wt% TS results.

* M-SPP-G-00302, “Procurement Specification — Submersible Mixer Pump”, Rev. 1, May 23, 2003
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Table 1-3: Kaolin/Sand Weight Percent Total Solids Data for the SMP

Weight Percent Total Solids
Sample location Daty % standard
Pulled | Sample 1 | Sample 2 | Average .
deviation
1 25.25 25.08 25.17 0.48%
2 24.03 24.04 24.04 0.03%
3 23.80 23.91 23.86 0.33%
SMP-CWE 4 23.84 23.94 23.89 0.30%
5 22.93 23.08 23.01 0.46%
6 22.90 23.13 23.02 0.71%
7 23.29 23.17 23.23 0.37%
1 24.22 24.42 24.32 0.58%
2 23.84 23.60 23.72 0.72%
3 23.48 23.49 23.49 0.03%
SMP-FFF 4 23.44 23.38 23.41 0.18%
5 22.71 22.82 22.77 0.34%
6 22.81 22.56 22.69 0.78%
7 22.90 22.94 22.92 0.12%
3 23.58 23.44 23.51 0.42%
SMP-ECR 6 22.13 21.99 22.06 0.45%
7 22.93 23.01 22.97 0.25%

1.2 Density

Densities were performed using an Anton Paar DMA 4500 Density analyzer. A sample is
pushed in to the density analyzer u-tube, the sample temperature corrected to 25°C, a vibration
is induced on one end of the u-tube and the frequency is measured at the other end. The density
of the sample is determined on the measured frequency. The density analyzer is functionally
checked on a daily basis (when used) with DI water.

For each sample that required density, two replicates were analyzed. The individual results,
average and percent standard deviation are shown in Table 1-4. Specific gravity testing limits
provided in the SMP procurement specification ranged from 1.0 to 1.5 (section 3.3.1.1)* for the
supernatant but also specified testing the SMP using a kaolin slurry with a specific gravity of
1.14 (page 14)* for acceptance testing. The density of the kaolin/sand slurry samples were
above the specific gravity for acceptance testing. The data reveals that samples pulled on the
same day the CWE samples have a higher density as compared to the FFF and ECR samples
and this is supported by the wt% TS data. The FFF and ECR samples pulled on the same day
have similar density results.

4 M-DCF-F-03629
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Table 1-4: Kaolin/Sand Density Data for the SMP

_ Day Density (g/mL)
Sample location | p, ;4 Sample 1 | Sample 2 | Average 90 St
deviation
1 1.180 1.180 1.180 0.02%
2 1.171 1.171 1.171 0.01%
3 1.171 1.171 1.171 0.00%
SMP-CWE 4 1.173 1.173 1.173 0.00%
5 1.165 1.165 1.165 0.00%
6 1.164 1.164 1.164 0.00%
7 1.167 1.167 1.167 0.01%
1 1.177 1.177 1.177 0.00%
2 1.167 1.167 1.167 0.00%
3 1.165 1.165 1.165 0.00%
SMP-FFF 4 1.169 1.169 1.169 0.00%
5 1.162 1.162 1.162 0.01%
6 1.161 1.161 1.161 0.01%
7 1.164 1.164 1.164 0.00%
3 1.168 1.168 1.168 0.01%
SMP-ECR 6 1.157 1.157 1.157 0.01%
7 1.165 1.165 1.165 0.00%

1.3 Rheology

The Haake RS 600 rheometer was used for all rheological measurements performed in this task.
Published RS600 specifications are shown in Table 1-5. The samples for rheological
measurements were shaken for at least 1 minute prior to the initial measurement and the sample
was shaken for at least 30 seconds prior to the second measurement.

Table 1-5: RS600 Measuring Head Specifications

Specification Units Value
Maximum Torque N-m 0.5x 107
Minimum Torque (recommended) N-m 0.2
Maximum Speed RPM 1500
Minimum Speed RPM 0.001

Flow curve measurements were obtained using a concentric (Z41) cylindrical rotor. The design
is shown in Table 1-6. The Z41rotor is initially installed onto the RS600 and a zero reference
point is determined by the rheometer. The Z41 rotor is then removed. A homogenized sample
is then placed into the appropriate cup and lowered into a temperature/controlled cup holder,
which controlled the temperature at 25°C. The RS600 rheometer can control the rate at which
the rotor spins and measures both the rotational speed and the torque (the resistance to shear).
The shear stress at the wall of the rotating rotor is then calculated (internally by the Haake
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software) based on the product of the measured torque and geometry (A-factor) of the rotor. The
shear rate of the rotating rotor is calculated as the product of the measured speed and geometry
(M-factor, assumes fluid is Newtonian) of the rotor. The A-factor, M-factor, shear rate range
and the ramp up time, hold time at maximum shear rate, and ramp down time are provided in
Table 1-6.

Table 1-6: Z41 Rotor Specifications and Ramp Rates

Design of Rotor Z41 Rotor
Rotor radius (mm) R;=20.7
Cup Radius (mm) R,=21.7
Height of rotor (mm) L=55
Sample Volume (cm?) V=15
A factor (Pa/(N-m)) 6750
M factor (s'/(rad-s™)) 22.40
Measuring Range (s) 0-1000
Ramp up time (min) 5
Hold time (min) 1
Ramp down time (min) 5

Prior to performing any flow curve measurement, the rotor and cup are inspected for visual
damage that could potentially impact the flow measurement. National Institute of Standards and
Technology (NIST) traceable Newtonian oil standards were used to verify the operability of the
RS600 at a measurement temperature of 25°C. The viscosity of the NIST traceable Newtonian
oil standards at 25°C is shown in Table 1-7. The flow curve for the NIST standard was analyzed
as a Newtonian fluid and the calculated viscosity was compared to its NIST traceable Newtonian
value. The rheometer is considered operable if the calculated viscosity is within + 10% of the
NIST traceable Newtonian oil standard viscosity as stated in Table 1-7. The measured viscosity
of the NIST standard was 53.0 cP, well within the required range.

Table 1-7: Cole-Parmer NIST Traceable Newtonian Oil Standard

Standard Viscosity (cP) at 25°C Lot Number Expiration
Type -10% | Reported | +10% Date
N35 46.34 51.49 56.64 130704 2/6/2006
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For each sample that required rheology, two replicates were analyzed. A typical flow curve is
shown in Figure 1-1. Inspection of this flow curve shows that the down curves were better
defined at the lower shear rates and were slightly more viscous than the up curve, hence the
down curves were selected as the curve to be analyzed for all samples. There is however, very
little difference between the up and down curves.

Figure 1-1: Typical Kaolin/Sand Flow Curve of an SMP Sample

SMP-CWE-1-R1, 741, 25C, 7-21-04
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¥ e
e 15 1 ﬁ
§ %ﬁﬁ
& f
g8 1057
= e
« 3
5
:
0
0 100 200 300 400 500 600 700 800 900 1000
g Shear Rate (sec-l) )

The down curves were analyzed as a Bingham Plastic fluid (equation 1-1) and the 1*
measurements are fitted with the Bingham Plastic curves and are shown in Appendix A. All the
flow curves were fitted with the Bingham Plastic model between a shear rate of 100 sec to 1000
sec”. The down curve results for the Bingham Plastic yield stress and consistency include the
individual measurements, average and percent standard deviation, and are summarized in Table
1-8. Limits provided in the TAR as well as in the procurement specification® for the Bingham
Plastic parameters were 10 to 300 dynes/cm” for the yields stress and 3 to 50 cP for the
consistency. In all cases, the kaolin/sand slurry samples Bingham Plastic yield stresses and
consistencies were below 50% of the maximum yield stress and consistency values.

T="Tpp +MNgp Y (1-1)

Where: T = shear stress (dynes/cm?) {Note 1 Pa =10 dynes/cm?)
7= shear rate (sec)
tgp = Bingham Plastic yield stress (dynes/cm®)
nep = Bingham Plastic Viscosity (or consistency) {centipose = cP}
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Table 1-8: Kaolin/Sand Bingham Plastic Rheological Data for the SMP

Sample Day Yield Stress (dynes/cmz)0 Consistency (cP) -
location | Pulled | Sample 1 | Sample 2 | Average /(;:é?:iis;d Sample 1 | Sample 2 | Average /;::]?;[Cilg;d
1 122.4 121.7 122.0 0.38% 8.09 7.98 8.04 0.95%
2 108.6 107.1 107.9 0.97% 7.58 7.46 7.52 1.07%
3 108.7 106.6 107.6 1.37% 7.47 7.38 7.43 0.80%
SMP-CWE 4 108.6 109.8 109.2 0.73% 7.39 7.45 7.42 0.52%
5 95.4 95.9 95.6 0.39% 6.85 6.87 6.86 0.28%
6 99.0 99.0 99.0 0.02% 7.04 7.01 7.03 0.34%
7 98.8 96.9 97.9 1.42% 7.07 6.99 7.03 0.81%
3 103.6 105.1 104.3 1.05% 7.11 7.31 7.21 1.96%
SMP-ECR 6 83.6 83.0 83.3 0.55% 6.41 6.38 6.39 0.32%
7 96.1 97.3 96.7 0.87% 6.96 7.00 6.98 0.38%

This data reveals that the samples pulled on the same day from the CWE are more viscous when
compared to the ECR samples. This is supported by the wt% TS and density data, were the
CWE results are greater than that of the ECR results, indicating that the rheology should be

more viscous for the CWE sample.

The relationship between density, yield stress and

consistency with that of wt% TS for the CWE and ECR samples is very linear between the wt%
TS range tested here (22 to 25% wt% TS) and is shown in Figure 1-2, Figure 1-3, and Figure
1-4. These figures shows that SMP slurry samples pulled from the CWE and ECR locations are
very similar in nature, given a wt% TS. Hence there were no additional physical analysis of the
samples for wt% TS, density or rheology.

Figure 1-2: Density Versus Wt% TS For SMP
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Figure 1-3: Bingham Plastic Yield Stress Versus Wt% TS For SMP
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Figure 1-4: Bingham Plastic Consistency Versus Wt% TS For SMP
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1.4 Particle Size Distribution

Appendix C contains selected technical data of the B-100 dry kaolin used in the SMP tests. The
2" page of this appendix contains the particle size distribution (PSD), on an oxide mass basis,
which indicates that 98 percent of the kaolin is smaller than 20 microns and 42 percent smaller
than 0.5 microns. The results are summarized in Table 1-9.
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Table 1-9: Unimin B-100 Kaolin PSD — Percent Weight on Oxide Basis

Bin Size (microns) % in Bin % Cummulative
1 >20 2 100
2 10<x<20 6 98
3 5<x <10 9 92
4 2<x<5 16 83
5 1<x<2 11 67
6 05<x <1 14 56
7 x<0.5 42 42

The sand used during the SMP testing was an aggregate” used for masonry mortar. The nominal
particle size distribution provided in the ASTM specification, for either natural or manufactured
sand is shown in Table 1-10.

Table 1-10: ASTM Specification for Aggregate (Sand) Used in SMP Test

e P Percent Passing
Natural Sand Manufactured Sand

4.75 — mm No. 4 100 100
2.36 - mm No. 8 95 to 100 95 to 100
1.18 - mm No. 16 70 to 100 70 to 100
600 - um No. 30 40 to 75 40 to 75
300 - pm No. 50 10 to 35 20 to 40
150 - pm No. 100 2to 15 10 to 25

75 - um No. 200 0to5 0to 10

A sample of the sand that was provided to SRNL was dried and the PSD was determined using
an ATM Sonic Sifter, which utilizes ASTM sieves. The sonic sifter uses both vibration and
pulsing to sieve the material through the selected ASTM sieves. The sieves used and results are
provided in Table 1-11. Table 1-10 and Table 1-11 clearly show that the sand particles are much
larger than that of the B-100 kaolin.

> ASTM C144-03, “Standard Specification For Aggregate for Masonry Mortar”, 2003
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Table 1-11: PSD of Aggregate (Sand) Provided to SRNL

Sieves Sample
Sieve Size Micron #1 #2 #3 #4
425 um x > 425 39.13% | 33.31% | 40.90% | 31.16% | 36.13%
250 um 425>x>250] 40.00% | 39.54% | 39.84% | 38.91% | 39.57%
180 um 250>x>180] 12.69% | 1631% | 12.36% | 15.64% | 14.25%

Average

125 pm 180 >x>125] 6.24% 7.65% 5.50% 9.81% 7.30%
75 pm 125>x>75] 1.61% 2.63% 1.25% 3.65% 2.28%
45 um 75>x>45 0.20% 0.41% 0.11% 0.62% 0.33%
Fines Collector x <45 0.13% 0.14% 0.04% 0.22% 0.13%

A Microtrac S-3000 particle size analyzer was used to measure the PSD of the kaolin/sand
samples. Prior to analyzing the sample, the kaolin/sand samples were diluted using DI water.
The S-3000 particle size analyzer measures the particle diameters by measuring the scattered
light from a laser beam projected through a stream of the fluid carrying the diluted sample. The
amount and direction of the light scattered by the particles is measured by an optical detector
array and then analyzed to determine the size distribution of the particles. The S-3000 measuring
range is between 0.026 to 1408 um and is functional checked using NIST traceable particle size
standards. The sample is run three times and the values averaged. The particle size distribution,
both volume (would be mass basis if only one type of material is being tested or if the different
materials all have the same density) and number are provide in Appendix D for the requested
data in Table 1-1. The mean volume and number diameters are provided in Table 1-12. The
mean number diameters are fairly constant, stating that there are a lot of small particles, most
likely from the kaolin. There are slight variations between the mean volume diameter and this is
due to a large particle being measured (large particles can easily shift this distribution). It is hard
to determine if the sand used in the slurry degraded to a smaller PSD due to pumping or if the
larger sand particles settled out of the slurry and are laying on the bottom of the tank. There
were no specifications for particle size in either the TAR or the SMP procurement specification.

10
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Table 1-12: Mean Volume and Number Particle Size Diameters for SMP Samples

Sl lsariien Day Mean volume Mean Number
Pulled (mm) (mm)
1 N/M N/M
2 N/M N/M
3 N/M N/M
SMP-CWE 4 6.709 0.651
5 N/M N/M
6 N/M N/M
7 9.475 0.626
1 N/M N/M
2 N/M N/M
3 N/M N/M
SMP-FFF 4 6.799 0.639
5 N/M N/M
6 N/M N/M
7 12.50 0.622
3 5.876 0.625
SMP-ECR 6 14.02 0.622
7 6.374 0.654

2.0 REFERENCE

WSRC-NB-2004-00122, Laboratory Notebook, “TNX Physical Properties of Kaolin”

11



WSRC-TR-2004-00401
Revision 0

APPENDIX A. 1°" SAMPLE DOWN FLOW CURVES FITTED TO
BINGHAM PLASTIC MODEL
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Figure A - 1: Down Flow Curve Sample SMP-CWE-1, Run 1

Revision 0

Shear Stress (Pa)

SMP-CWE-1-R1, 741, 25C, 7-21-04
SMP-CWE-1-R1 —— Bingham Fit CWE-1-R1

25

20 - I 4

157 ___,—-'-—V

10*/

!

0 | | | | | | | | |

Tdown (P2) = 12.24 +0.00809-y, R® = 0.9865, fitted 100 < y <1000

0 100 200 300 400 500 600 700 800 900
Shear Rate (sec™)

1000

%

Figure A - 2: Down Flow Curve Sample SMP-CWE-2, Run 1
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Figure A - 3: Down Flow Curve Sample SMP-CWE-3, Run 1
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Figure A - 4: Down Flow Curve Sample SMP-CWE-4, Run 1
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Figure A - 5: Down Flow Curve Sample SMP-CWE-5, Run 1
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Figure A - 6: Down Flow Curve Sample SMP-CWE-6, Run 1
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Figure A - 7: Down Flow Curve Sample SMP-CWE-7, Run 1
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Figure A - 8: Down Flow Curve Sample SMP-ECR-3, Run 1
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Figure A - 9: Down Flow Curve Sample SMP-CWE-6, Run 1
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Figure A - 10: Down Flow Curve Sample SMP-CWE-3, Run 1
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APPENDIX B. PARTICLE SIZE DISTRIBUTUION
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Figure B - 1: SMP-ECR-3 Volume Distribution
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Figure B - 2: SMP-ECR-3 Number Distribution
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Figure B - 3: SMP-FFF-4 Volume Distribution
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MICROTRAC - S3000

Duaite: 3

Particla:  Resin

Loading

T-IT0450
= Particle Size Analysis EFE.4
B baorting my = 6799 | 10% = 0,368 B0% = 0.50% | 0523 100% 0407
ASVA = B0% mn = 0,838 | 20% = 0.414 T0% = 0,530
D1 HI0 ma = 2103 | 30% = 0,450 BO% = 0,734
cs = LBS3 |40% = 0,485 BO% = 0083
wd = 0.204 | 0% = 0,523 B6% = 1.310
1000 50.0
80.0 450
/
B0.0 g 40.0
T0.0 == 150
0.0 300
50.0 250
40,0 200
300 — 150
20.0 108
10.0 5.0
0.0 o 00
o010 2.4 1.000 10.00 H.0 1000 10000
" i -
SIZE BCHAN | SIZE  GPABS M WPAGS WLUAN | BEE  BPASS  HGHAN
1408 100,00 0.00 18.50 100,00 0,00 0.243 000 0.00
1184 100.00 0.00 15.56 100.00 0,00 0.204 000 0.06
GA56 100,00 0.00 13.08 100,00 0,00 0472 000 0.00
B37.2 100,00 0.00 11.00 100,00 a1 0,148 000 0.00
704.0 100.00 0.00 9.250 .50 a.01 o132 000 0.00
592.0 100.00 0.00 7.TTB 99,00 a0z 0.102 Q.00 0.00
497.8 100.00 0.00 6541 u8.00 Q.03 0.088 0.00 0.00
4106 100.00 0.00 5.500 99,83 0.08 0.072 0.00 0,06
NI 0 100,00 0.00 4826 o8 ah a.on 0.081 0.0 0.00
He.0 100,00 0.04 99.70 015 0.051 0.00 0,040
2480 100000 n.6a 3.27T0 99.64 0.28 0.043 0.00 0.0a
8.3 10:0.00 0.00 T.T50 99.3% 0.4z 0.036 0.00 0.00
176.0 100,00 0.00 232 0867 050 0,030 0.00 0.00
140.0 104.00 0.0a 1.945 §98.20 1,07 0.026 0.00 0.00
124.5 10:0.00 0.00 1.835 9T.22 1.63
1047 100.00 0.00 1.376 0550 240
E8.00 100.00 0.00 1.156 8310 344
T4.00 100.00 0.00 0.07T2 09.T5 5.08
62.23 100,00 0.00 0818 84 67 034
5233 100.00 0,00 0.6E8 14,48
4400 100,00 0.00 0.578 8188 2147
17 .00 100,00 0,00 1.80
3191 100.00 0,00 0.400 1T 1221
A 100,00 0,00 0,344 557 85T
2,00 100,00 0.00 0286 0.00
T Mumier RunTime: 30 seconds T Watar Analysin Meode: GI00G
Standard Run Mumber Avg of 3 runs Fluid Refractive index: 1.33 Bampls Coll bd: 0110

Factor:  0.0153

Particla Tramaparency: Absorb Trnemisslon: 0.94

Particla Refractive Index: NIA  Above Residual: 0.00
Below Residunl: 0,00

Databane Fath: COMTWINBIMTWIN.OB

Particle Shapa: WA

Figure B - 4: SMP-FFF-4 Number Distribution

22




ml Nll'l!lblll:'. BATE1

MICROTRAC - S3000

WSRC-TR-2004-00401

Ver§ 0K

Revision 0

Figure B - 5: SMP-CWE-4 Volume Distribution
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Numbar Of Channeis: 64 Partiche Shape:  HiA Residual: 000 Witrasanic Power: 26 watts
Wirasonic Time: G0
IFitpr; Off = Dotebase Path; COMTWINSOWITWINDE
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vt AUCIRG e %!‘
Parficle Size Analysis Zaliik Tete: L
b RYECUES L
Plsorning my = ET08 | 10% = 0374 &0% = 0577 | 0631 100% O431
ASVH = BO% mm o= LESY | 20% = D418 TO% = 0842
Dl =20 ma = 144 | 30% = 0,456 DO = 0.750
e = JTH0 |a0% = 0402 BN = 1.008
ad = 0290 | BO% = 0LA31 BEW = 1.330
REASS WLHAN
100.0 TT 0.0
.0 450
BO.O 40.0
T0.0 50
B0.0 0.0
50.0 250
40.0 200
Jo.o 150
20,0 10.0
10,0 50
[X:] = 0.0
0.0 0.100 1 10,00 1000 1000 10000
= Blzw -
ST ROHAN WPASE GCHAN | BILE  WBPARR WLHAN |Gk BPASS  WGHAN
4408 100,00 0.00 1850 100,00 000 0.243 0,00 0.00
1104 400,00 a,00 15.58 10:0.00 000 0.204 0.00 0.00
5956 100,00 0.0 12,08 10000 000 0172 0.00 0.60
B2 10:0.00 0.00 11.00 100,00 o.01 0,145 0.00 0,00
T04.0 10:0,00 0.00 9999 0ot 0,122 .00 0,00
5920 A 080, 00 .08 T 99.58 0.03 0,102 0.00 0,00
49T 8 100,00 .00 [ X2 4] .56 00l 0.005 0.00 0,00
418.8 100,00 0,00 B 993 .05 0.072 0.0 0.00
A0 160,00 @060 4 528 000 0.081 0,00 0,00
08.0 100,00 [ ] 2.885 F8.TE LR .05 000 .00
2489 100,00 0.00 3,270 f ] 02T D03 0,00 0,00
2083 100,00 [ X 2.7T50 [0 0.0386 0.00 Q.00
1780 100.00 000 2312 072 0030 0.00 .00
1480 4 00, Do 000 4,045 R 113 0.8 0.00 0.00
1248 100.00 [ K] 1,638 oT.08 1.72
1047 100,00 00 1378 534 52
88,00 100.00 000 1. 958 w282 183
T74.00 100,00 ooo 0972 .16 638
82.23 100.00 000 oaie B3.80 BTH
5233 400.10:0 000 DUiaR TE.02 14.07
&4, 00 109,00 0,00 0.ETR §0.10 .59
A7.00 100.00 ©.00 0488 8.8 095
1 100,00 000 04089 17.58 1250
.10 100,00 0.00 0,354 506 S.00
22.00 100,00 0.0 0.200 .00 0.00
[Dtnibution:  Humber FunTime: 10 seconds Fluld, veater Asalyain Moda;
Progression:  Standard xn Mb;r J:unol 3 runs Fluid Refractive indes: 1.33 Sample Coll jg: 0318
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g BT MICROTRAC - S3000 b ity
Particle Size Analysis ST T e HG_'} 1A
fansan, Erich m Parcenties
prboriing mv = 14.02 | 10% = 0816 80% =0.065 | 4226 100% 17.28
AsvR = 0% mn = 0.622 | 20% = 1.418 T0% = 0.007
P ma = 2238 | 30% = 2100 B0 = 14.43
en = BT [40% = 2977 00% = 30.20
s = 0641 [ 00% = 4,236 D5% = 58,44
~RPASS WCHAN |
100.0 : 10.0
Bl 1l
20.0 8.0
B0.0 /f 80
T0.0 70
f
0.0 4‘ 50
50.0 : +HE 50
400 — 40
0.0 a0
00 0
10.0 1.0
oo o0
a.010 0.100 1.000 1 100.0 1000 1
E¥R s <o iBE
1408 100.00 0,00 1060 84,04 13 0.243 0.00 0.00
1184 1 0,00 15.58 B3 .09 0.204 0.00 0.00
65.6 100.00 0,00 13.08 7822 148 0.172 0.00 0.00
672 100.00 0.00 11.00 TATO 3.86 0,148 0.00 0.00
T04.0 100,00 0,03 8.250 70.50 425 0122 0.00 0.00
5920 AT 0.04 7778 6665 455 0.102 0.00 0,00
4078 9.0 0.07 8541 6210 4Td 0,086 0.00 0,00
4188 09,88 0,08 £.500 5736 & nx 0,072 0.0 0.00
3820 970 0.0% 4625 5254 4 BB 0.081 0.00 0.00
2080 9908 0.12 3880 AT 86 405 0,051 0.00 0,00
2488 9957 0.7 2270 42T 6.00 0,043 0.00 0,00
200.3 S840 0.24 2750 Evh s ] 4 56 0,035 0.00 0,00
1780 oa18 0.38 2313 1172 40T 0.030 0.00 0.00
148.0 o 0.4 1848 700 450 0.026 0.00 0.00
124.5 a.at 1.638 2340 4.00
1047 L] 0.72 1.378 19.32 188
£6.00 F7.00 0.62 1,186 1877 303
74.00 5618 0.92 0872 12.74 288
3 0526 1.02 o.ain [1] 281
TEL) 24 115 0,688 TAL 266
44.00 03.00 131 0.578 4.7 243
ar.00 w178 1.53 0,486 23 1.63
3111 2026 177 0.409 0.80 0.62
28.18 048 2.08 0,344 0.8 0.18
100 #0.43 238 0.109 0.00 0.00
Distribution:  woluma Aralysis Mote: 53000
Prmn;ﬂn. Standard Sample Cell ld: 0318
u Edge: 1408
Lowaer E r 0031
R.uiduﬂ‘l':. Dil f\mﬁ?m Fatn: “n
© b 04 frasonic Powsr: 25 walts
Mumbor Of Channe u S s
Elltnr: O

Figure B - 7: SMP-ECR-6 Volume Distribution
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Particle Shapa:  MiA
ey OffF  Ostabess Path; COMTWINBOVWTWIN DB

Below Residual:  0.00

Particle Size Analysis "‘"“",u Tima:
Hlﬂ“m !HE-E
thosarbing my = 14,02 | 10% = 0,288 B0% = 0856 | 0611 100% 0398
ILSVR = 0% mn = 0622 | 20% = 0.401 TO% = 0.610
ol W20 ma = 2738 | 30% = 0.437 BO% = 0.T14
En = 2881 [40% = 0,473 90% = 0,084
sd = 0180 | 50% = 0,811 BE% = 1.278
WPASE WCHAN |
100.0 |— 50.0
0.0 y 45.0
B0.0 40.0
T0.0 5.0
0.0 0.0
50.0 5.0
40.0 0.0
30.0 15.0
0.0 10.0
10.0 — &0
o0 o0
o010 0.100 1 10.00 100.0 1000 10000
1408 100,00 0,00 18.50 100.00 0.00 0.243 0.00 0.00
1484 100,00 0.00 15.56 100,00 0.00 0.204 0.00 0.00
856 100,00 .00 13.08 100,00 0.00 0.172 0.00 0,00
8372 100,00 0,00 11.00 100,00 0.00 0.145 0.00 0,00
704.0 100.00 0,00 9.250 100.00 0.01 0.122 0.00 0,00
5920 100,00 0.00 7778 0890 0.02 0.102 0.00 0.00
AST B 104,00 0,00 6541 o807 0,03 0086 0.00 .00
418.6 100,00 0,00 5.EDO 6.04 0.08 0,072 0.00 0,00
382.0 104,00 .00 4628 o8 88 008 0,081 0,00 0,60
296.0 100,00 0,00 388 S8.81 0,14 0.051 0.00 0,00
2485 100,00 0,00 3.270 9967 0.23 0,043 0.00 0,00
10:0.00 0,04 2.750 544 0.3% 0.036 0.00 0,00
17T6.0 10:0.00 .04 2312 99.05 0.04 0.030 0.00 0.00
148.0 100,00 0.00 1.945 o844 1.00 0.028 0.00 0.00
124.5 10:0.00 0.00 1.835 0TA1 1.53
104.7 100,00 0.00 1375 .23
8,00 100,00 0.00 1.186 9365 3.20
74.00 100.00 0.00 0872 90.45 4.70
6223 400,00 0.00 0818 560 7.79
5213 10000 0.54 0828 7700 1188
44,00 100.00 0.0d 0578 04,36 20.66
AT.00 100.00 .00 0,486 43178 21,73
1 100,00 0,00 0408 212,06 14.81
26.16 100.00 0.00 0,344 T.25 1.26
22.00 160,00 0.00 0.289 0.00 000
T Mumber ' seconds Fluld: wWater Analysis Mode: 53000
Pro :  Standard Run Mumber Avg of 3 rns Fluid Rafractive Indax: 1.23 Samphe Call Id: 0318
Upper Edge: 1408 Particle: Resin Loading Factor: 0.0143
Lewer Edge: 0.0 Particle ¢ Absort Tranamission: 0.
Residuals:  Cisabled Particle Rafractive Index: MiA  Above Residual:  ©,00 ABVR Flow Rate: T8

Figure B - 8: SMP-ECR-6 Number Distribution
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Sarlal Numbar: 33261 MICROTRAC - S3000 W-im EI
Particle Size Analysis ST o Ly
T Vo Wi |
my = 0NT4 | 0% = 080T 60% = §.045 | 1606 W0% 1088
MSVH = BO% mn = 005 | 20% = 1.388 TOW = T.0X13
ol 20 ma = 2147 | 30% = 1.962 BOA = 10.20
54 = 5402 |80% = 3684 98% = 2188
TPASS SO ]
1000 A 10.0
0.0 - 8.0
B0.0 . 1]
§
T0.0 /A T.0
“,ﬁ —_— H =% i .Iﬂ
500 1T— — T -+ 50
40.0 T = d0
“.u - BN R Jln
0.0 0
10.0 T = 10
0.0 oo
0.010 0.1 1 1 100.0 1000 10000
- Size o
[BIE  ®PAGS WCHAN | SIZE WPASS  WCHAN WCHAN | BIZE WPAGS  BOHAN
1408 100.00 0.0 18.50 B2 31 0.243 0.00 .00
11684 100.00 LK 15.56 BR.24 165 0,204 .00 =]
B84 100,00 ann 13.08 BE.6R .68 0172 .00 .00
BIT.2 100,00 [ R 11.00 1.8 426 0.145 .00 Q.04
704.0 100.00 0.on B.250 7. 4,64 0.1 0.0o 0.0
8520 100.00 [ ] T.7780 T>.82 5.00 0102 .00 0,100
AST.R 100.00 [ X [ X BT.82 ] OUDEE oo .00
A1RE 100,00 .00 £.500 G167 £a7 0.072 0.00 000
3520 100,00 000 4625 BT.30 B4 0.061 0.00 Q.00
296.0 100,00 .00 3889 51.87 BS50 0.051 0.00 0.00
248.9 100,00 0.00 3370 46,37 6.56 0.043 0.00 0.00
200.2 100.00 0.00 2.750 40,81 B85 0.036 0.00 0.00
1TE.O 100.00 0.00 2392 35.26 BT 0.030 0.oo 0.00
1480 100.00 0,00 1048 TH.89 502 0.026 0.00 000
124.8 100.00 .00 1.835 4807 4.5
104.7 100.00 .00 13786 Faile ] 380
BA.00 10000 .00 1.188 16,48 3Q
T4.00 100.00 .00 08T 1118 .92
B12Y 100,00 [ ] oA 10,23 205
5333 100.0:0 [ L] OUERR T30 .88
44,00 w6.89 031 0.ETH 449 248
37.00 55,58 oTe 0408 2m 1.4
AT 8882 1.44 0.40% (X o 48
26,16 §7.38 217 0.344 012 042
22. L T8 0.289 0.00 o.00
Cistribution:  Yolume FunTima: 30 saconds Filuld: _Watar Analysis Motk 53000
sinn:  Standard Run Number Avg of 3 runs  Fluld Refractive e Sampla Gall ig; 0318
Uppar Edga: Reain 0040
Lower Edge:  0.021 Particle Tmnsparency: Absord Tranam n: 0.84
Roslduals; Oisabled v Indem: WA Above Resldual:  0.00 ASVR Flow Rats; TS
Mumber Of Channels; 64 Particle Shapa; W& Below Residual: 0,00 Ultrasonic Power: 15 walls
o Uttrasonic Tima: 60 seconds
Filtwr; Database Path:  CAMTWINGIMTWIN DB

Figure B - 9: SMP-ECR-7 Volume Distribution

27



WSRC-TR-2004-00401
Revision 0

e ""' 21241 MICROTRAC - S3000
Particle Size Analysis T

Fansan, Erch

P rmorting my = G374 | 10% = 0.37TS 60% = 0.580 | O.534 100% O.431

IASVA = A0% mn = 065 | 0% = 0421 TOW = 0848

Ol 30 ma & 2917 | 30% = D458 BO% = D.THY

et = JEL |40 = D404 BO% = 1.011
sd = 0211 | 50% = 0.534 D5W = 1.350

[T RPAGS RCHAN
100.0 50.0
0.0 i 45.0
B0.0 / 40.0
70.0 B0
800 - 30.0
50.0 1 = 280
40.0 w0
30.0 i =111 150
0o — 10.0
10.0 50
oo o0

0.010 0.100 1 10.00 100.0 1000 10000

frimy - T

1408 100.00 0,00 18.50 100.10:0 o060 0243 .00 .00

1184 100,00 [ K1) 15.56 100.0:0 o.0o 0204 0,00 0,00

#95.6 100,00 .00 13.08 10000 0.00 0.172 000 o060

BIT.2 10000 .00 11,00 1040.00 o.m 0. 145 0,00 o.00

Tod.0 100.0:0 .00 8250 .98 0.0 0122 .00 0.00

582.0 100.00 0.00 T7.TTR .94 0.02 0102 0,00 o.o00

4978 100.00 0.00 6841 o894 0.03 D.OBE 0.0 0.00

418.6 100.00 0,00 5500 92,02 0.08 0.oT2 0.00 0.00

3520 100,00 0.00 4625 ga.88 o.08 0081 0.0 0,08 |

2060 100,00 .00 1.BES 8. 78 a0 0051 0,04 0.00

2480 10000 0.00 21.270 99,63 Q.27 0.04% 0.0 0.e0

093 10000 0,00 LT50 58.38 .45 D036 0.0 0.00

1T6.0 100,00 0.00 232 a8 074 0.030 Q.04 0.00

148.0 100 000 1.045 naaT 1.8 0.028 0.0 .0

124.5 100,00 0.00 1.838 0T.01 1.78

104.T 100.00 0.00 1378 9515 165

B8.00 100.00 Q.00 1.186 .70 1E3

T4.00 100.00 0.00 0872 .07 s41

6233 100.00 0.00 oaa I BE

EL1 100.00 0.00 0.sEE T4.BO 1516

&44.00 100.00 g.00 0,578 ED.EE 2985

37.00 100.00 0,00 0,488 T80 20.04

1 100.00 0.00 0,408 1686 1.8

28,18 100.00 0.00 0,344 503 8,03

22.00 100.00 0.00 0289 o.oo 0.00

fion:  Womber FnTime: 30 seconds Fuid:_waier Analysis Mode: &

Prograsslon: Slandard Run Mumbar Avg of 3 runs Fluid Refractive Index: 1.3 Semple Coll 1d: 0318

Uppar Bdga: 1408 Farticie: Raesin I.blﬂl'q Factor: 00140

Lowsr Edge: 0.021 Particls Trnsparency: Absort Tranam 2 084

Residuals:  Disabled Particls Refractive Indes: NA  Above Residuak 0,00 ASVR Flow Rate: T8

Number Of Channais: &4 Particla Shaps: M/A Balow Residual:  0.00 Ultrasanic Power: 25 watts

Ultresonic Timea: &0 saconds
oy Database Path:  CAMTWINGNMTWIN.OE

Figure B - 10: SMP-ECR-7 Number Distribution
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Ulrasanic Time: &0

m!ﬂﬂﬂl‘l ekl lm“"l MICROTRAC - S3000 beasiprd
LT E] Date: ;
Particle Sire Analysis FFF.7 ; g
utssrnieg mv = 12.60 | 10°% = 0.7TRS 80% = 5,783 | 4074 100% 15.20
ISVA = 00% mn = 0622 | 20% = 1.380 T0% = D402
D1 H20 ma = 3184 | 30 = 2048 BO% = 1315
e = 1747 |40% = 2,898 0% = 7580
wd = T.652 | BO% = 4.074 BA% = 47.80
WCHAN
100.0 — 10.0
=l 1
90.0 g 9.0
/]
B0.0 f 8.0
§
T0.0 r T.0
B80.0 a0
50.0 =111 50
40.0 40
0.0 a0
0.0 20
10.0 10
oo 4| m— 00
0.010 0.100 1 1 100.0 1000 1
bonac zea mﬁ% Y
1408 100,00 0.00 1850 [TXT] iTe 0.243 0.00 0.00
1184 100,00 0.00 15.58 #3.08 ER 0.304 0.00 0.00
REA 100,00 0.0 13.08 T8.80 188 0172 0.00 0.00
BIT.2 100,00 0.00 11.00 T6.32 I 0.145 0.00 0.00
TO4D 100,00 0.1 5,250 T2.38 432 Q132 0.00 .00
BRZ0 Lk ] .04 T.7TR Ba.04 a.82 0.102 .00 0,00
4978 .85 0.08 8541 6342 4Ry 0.0 0.00 0.0
4188 .80 .07 £.500 £8.50 454 0.072 0.00 0.00
Is20 .82 .00 4,625 £3.88 B.060 0.081 0.00 0.00
296.0 LTI oAl 3.889 AB.8S B.OT 0,081 .00 0,100
488 56.62 018 2470 43,58 6.08 0.043 0.00 0.00
2063 AT [ 54 2.750 38 46 548 0038 aa 0.00
1760 ] 0.26 2312 33.44 488 0.030 .00 0.00
148.0 BOET 0,37 1,045 28.58 454 0026 o.00 000
124.5 58,50 044 1438 14.04 412
104.7 58,16 .60 1378 1982 182
6800 uT.66 0.5 1186 18,30 1.10
Ta.00 fT.08 oTe 0972 1320 L
811 9535 0.86 o.ntn 10,44 N
[FE] 98.52 1.04 0888 .73 280
44,00 [ .23 0.57A 4.93 283
37.00 328 1.43 0486 .40 1.88 |
n1n iz 1.47 0.400 0.81 0.63
28.16 #0.18 1.07 0.344 018 0.18
100 PR T .34 0.280 0.00 a.00
minbulion:  VoRme Funiime: 30 seconds Fluld: Water Analysls WMode. 53000
: rd Mumber Avg ol 3 rufm Fluld Refractive ingex 1,33 Sample Cell id: 0318
Uppar Edge: 1408 Fartiche:  Resin Factor:  0.0148
Lewar Edgn: 0,021 Particle Transparency: wwion: 0.8
Rosidusls: Disabled Particie Refractive index- NiA  Above Residual: 0,00 ASBVR Flow Rate: 76
Mumber Of Channeis: Farticle Shape:  NiA Fesidual: 0600 Uliranonic Power: 25 watts

Figure B - 11: SMP-FFF-7 Volume Distribution
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et Bl MICROTRAC - S3000 ity

e TTTETs Tate TS Waws 3 T7EE
¢ Sire Analysis FFE.7 Tine: >
Flarmen, Ech Tarcenties
Jrbmorbing my = 16D | 10% = 0068 B0% = 0.666 | 08517 100% 00831
JLEVA = B0% mn = 0822 | 20% = 0402 TO% = D816
i W20 ma = 2184 | 0% = 6.435 BO% = 0.T13
s = LTAT | 40% = D.4AT4 DO% = 0048
sd = 0488 | B0% = 0.812 B8% = 1.288
[ RPASS WCHAN |
100.0 60.0
0.0 450
Bo.0 40.0
T0.0 50
800 0.0
50.0 25.0
40.0 0.0
30.0 150
20.0 10.0
10.0 50
0.0 0.0
oo 0.100 1.000 10.00 100.0 1000 10000
= T [ R (R |
1408 100.00 .00 18.60 4000 Q.00 0.243 .00 [
1184 100.00 .00 1888 100.0:0 0.00 0204 0.00 [N
956 10000 .00 1308 100 el 0,00 0172 .00 .00
BIr.2 100,00 0,00 11.00 10000 0.00 0.148 0.00 [ X1
Tod. 0 100.00 0.00 8.280 100.00 .o 0112 0.00 Q.00
592.0 100,00 0.00 1.TT8 2009 0.0 0102 .00 0,00
AUT B 100,00 0.00 8541 £6.97 0.03 0088 0.00 0.00
418.8 100,00 0,060 5.500 96 94 .08 0.ar2 0.00 0,00
352.0 100,00 o.00 4.E25 56 .09 G.08 0.081 o.08 0.00
96.0 100.00 0.00 J.B89 89,81 0.14 o.051 0.0a 0.00
248.9 100.00 0.00 2.2T0 6T 0.23 0043 0,00 0,00
209.3 100.00 0.0a 1.750 B9 44 0.34 0,036 0.00 0,00
1Ta.0 100.00 0,00 .12 806 0.8 0030 0.080 0.00
148.0 100.00 b.0a 1048 R4 0. 0.nze 0.00 .00
1248 100,00 o.oa 1.838 748 149
104.T 100,00 0.4 1.3T8 B8.97 s
0800 100.00 0,00 1.188 2.7 118
TA.00 100.00 0.4 0eT2 B0.58 4. 76
823 100,00 080 0818 B5.AY 7.8
5233 100.00 0.6a 088 7708 11.68
A4.00 100,00 0,04 0.578 £4.30 20,78
AT.00 100,00 0,00 0,486 43 54 21.50
a1 100.00 0.0 0408 2184 14,60
2610 100.00 .09 0,344 T.04 704
2200 100,00 0.0 0.288 0.00 0.00
Dis TR T Boc Fluld:_Water Analynis Mooe: 53000
Progression:  Standard Run Mumber Avg of 3 nons Flusict Sample Cadl Id: 0318
Edga: 1408 Particle: Loading Factor:  0.0148
Lower Edge: 0024 Particie Transparency: Abscrh Transmisslon: 0,
Rosiduals: Dissbded Particle Refractive Indas: WA Above Realdual: 0,00 ABVR Flow Rale: TS
Humbar Of Channels: &4 Particle Shape: M Below Residual:  0.00 Ultrasonic Power: 35 walls
off Uitrasgnic Time: &0  seconds
Eiblnr: Databanes Path;  CAMTWINPOUWTWIN DR

Figure B - 12: SMP-FFF-7 Number Distribution
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MICROTRAC - S3000 Yar:d.06
Particle Size Analysis -3t ﬂﬂ’: brages hf— i
mv = GATE |10% = 0792 B0%N =S5 500 | 3968 100% 1382
mn = 0628 | 20% = 1,360 TO% = 8.049
A = 2900 | 30% = 2028 BOW = 1223
cs = 2.778 | 40% = 2850 0% = 21.53
sd = 6908 | 50% = 3.969 95% = 3438
WPASS SRCHAN
10400 10.0
.’-ﬁ
B0 / < 0.0
B0 RES -t 8.0
'f
70.0 - 7.0
/]
80.0 - 6.0
5.0 50
0.0 a0
.0 2.0
20.0 20
10.0 10
0.0 0.0
oo 0,100 1.000 10,00 0 1000 1
— 1 S
BEE  WPAGE  WCHAN WEAGE  WCHAN | GRZE REAES SIZE WPASS  WLHAN
1408 100,00 0.00 1860 T8 218 0243 0,00 [X ]
1184 100.00 0.00 16.88 BATY 338 0 204 a,00 .00
#0546 180,00 0.00 13.08 B1.43 e | 0172 0,00 [ E ]
83r.2 100.00 0.00 11.00 Tr.7T0 13 01456 0,00 0.00
TO4.0 100.00 0.00 8.250 TL1ET AT 0.122 0,00 [ ]
582.0 100.00 0,60 T.TTR ae.10 A.T2 0,102 0.00 0.00
4878 100.00  0.00 6541 Ba38 4H8 0.086 o.00 0,00
4186 100.00 002 £.500 56.50 500 0.072 0,00 0,00
a 5998 004 | 4825 5450 518 0.061 0,00 0.00
296.0 G084 0.0 3689 AR 40 21 051 .00 [ ]
248.9 FLEE .00 3210 4,19 837 0043 0.00 (K i]
2063 aam 0.oh 2.750 \E2 SAT [iXinc] .00 L X ]
ATE.0 W72 .10 2.312 3278 487 L0t ] 0.00 [ ]
148.0 B2 0.12 1.045 2883 4 8T Liir. ) 0.00 LR ]
124.8 B0.50 .18 1.838 24,24 A48
104.T 59,34 0.20 1378 2011 368
BE.00 ge.18 0.30 1168 16,88 318
Td.00 aaRs [ X 1. 0872 1211 zm
65223 n.a8 oaia 10.80 278
£33 §7.74 082 .88 7.78 04
2400 86,82 1.1 0.578 49 255
700 9581 1.52 0488 2.38 158
A 04,089 1.8 0,408 0Te 0.8
26.16 BL.28 218 0344 0T AT
22.00 8011 2.50 0. 389 0.00 0,00
Distributon: | wolums Runilime; 30 seconds Fiuid: _wator ANalysis MOoOE: 53000
Progression:  Standard Run Humber &vgof 3 runs Fluid Refractive index: 1,33 Sampla Cell id: 0318
Uippar Edge: 1408 Particla: Heain Factor: 0.OV48
Lower Edge: 0021 Particle Transparency:  Absort Tramam CET
Floslduais: Disablod Particle Rofractive index: WA  Above Resldual: 0.00 ASVA Flow Rate; TS
Mumber OFf Channeis: &4 Particle Shape: N Balow Residual; 0.00 Urasonic Power: I8 walte
Ultrasonic Time: 80 saconds
Filter; ©ff  Oelabase Path:  CONTWINBNMTWIN DB

Figure B - 13: SMP-CWE-7 Volume Distribution
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MICROTRAC - S3000 VerD oK
THET B e T Tt ]
Particle Size Analysis m’_ B bl ot
Prerting mv = GATH | 0% = 0,062 00% = 0.850 | 0.B18 100% 0.385
JASVE = 80% mn = 0028 | 20% = 0.408 TOW = 0.615
DI H2O ma = 3180 | 30% = 0.442 BO% = 0.7T10
s = 2.7TH | 40% = 0.47T B0% = 0.855
ad = 0197 | 50% = 0.515 85% = 1.273
WPASS RCHAN
000 T 50.0
20.0
E0.0 -1 40.0
To.0 1]
B0 - 1 0.0
50.0 250
0.0 0.0
0.0 150
0.0 10.0
10.0 . 50
0.0 0.0
ooie o100 1 10,00 100.0 1 10000
- Hh!m}'
BIZE WPASE ROCHAN | SHE WPASS MOHAN | SIZE BFASS RCHAN
1408 100.00 0,00 1860 100.00 0.00 0.243 0,00 0.00 - =y
1184 100.00 000 18,54 100,00 LY 0.204 .00 0.00
#Bh.6 100.00 0.00 13.08 100,00 o.o0 0172 0,00 0.00
68372 100.00 .00 11.00 100,00 .00 0.145 0.00 0.00
100.00 .00 8.2560 100.00 oo o1 0.00 0.00
5820 100,00 0.00 7778 e 0.0 0.102 0.00 0.00
487 100.00 0.00 B.541 SOET 0.03 0.00 0.00
4188 100.00 0.00 5,500 094 0.08 0.072 0.00 0.00
108.00 0.00 4,625 H0ES 008 0.081 0.00 0.00
296.0 100.00 0.00 1888 A1 014 0.081 0.00 0.00
248.9 100.00 0.00 2470 BRET 024 0.043 00 0.00
00,3 100.00 o.00 2.750 B4l D40 0038 0.00 0.00
176.0 100.00 0.00 2.312 %603 083 0.030 0.00 0,00
148.0 100,00 0.00 1.945 S8 .40 0.80 0.026 0.00 0.00
124.8 100,00 0.00 1.838 9741 1581
104.7 100,00 0.00 1.375 5,50 i3
B8.00 100,00 0.00 1.155 9167 3.24
T4.00 100,00 0.00 0972 §0.43 4.B6
62.23 100,00 0.00 o.818 B5.58 T80
5211 100,00 0.00 0688 T1.58 13.92
44,00 100,00 0.00 0.578 83187 0.09
a7.00 100,00 0.00 o488 4268 a3
A 100,00 0.00 0408 20.88 14,10
26,18 100,00 0.00 0344 .67 86T
100 100.00 .00 0.289 0.040 0.00
[ T WumDer RUnTime: 30 seconds Flaid:_ wWanar Analynis Mode: 53000
¢ Standard Run Humber Avgof 3 runs Fluld ! Sampla Cell Id: 0318
Uppar Ecige: 1408 Partichi: Fes Loading Factor: 00140
Lower Edga: 0,021 Particie Trans v: Abuort Tra lon: 0.98
Reslduals:  Disabled Particlo Refractive Index: WA  Above Residual: 000 ASVR Filow Rate: 78
[Mumber OF Channels: &4 Particle Shape: MiA Below Residusi: 0,00 LMtrasonic Power: 25 walts
Witrenonic Time: 60  seconds
(Fiftwr: Off  Ostsbess Paih: COMTWINSOUWTWIN DS

Figure B - 14: SMP-CWE-7 Number Distribution
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APPENDIX C: KAOLIN VENDOR B-100 SPECIFICATIONS
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TECHNICAL DATA
REFRACTORY GRADE KAOLIN

FEATURES AND BENEFITS HEPHZIBAH, GA

VANTAGE™ refractory grade clays are custom blends of highly refractive kaolinite. These plastic clays
can be employed as the primary component of cast bodles , but are most commonly used to enhance
the performance of calclned kaolinic clays. Thelr excellent plasticity and dry strength Improve the
production rate and shape retentlon of the refractory, and a high PCE value helps to extend refractory
service life.

VANTAGE™ finds application In a varlety of Intermedlate to high duty flrebricks, shapes, Insulating
bricks and saggars where good shape retention and spaliing resistance Is required. VANTAGE also
serves as the plastlic component In monolithic refractorles inciuding castable, ramming and gunning
mixes and mortars. Of critical Importance In these applications Is a high alumina to alkall ratio to
produce durable, highly refractory materlals with excellent stabllity. VANTAGE particle size distributions
wlll also help to minlmize drylng shrinkage prior to Installation.

All VANTAGE™ fire clays are mined and processed under rigid QIP*™ statistical quality assurance
programs. The resuit Is conslistent mineralogy, chemical and physical properties, predictable results in
demanding refractory applications.

CHEMICAL AND ANALYTICAL DATA
Mean Values. These Do Not Represent A Specification.

B-100 HT100 LT100 SLURRY C B-150
Silicon Dloxlde {SI0s) 45.00 44.50 44.70 44.70 45.40
Aluminum Oxlide {Al04) 38.00 38.60 38.50 38.60 39.25
Titanlum Dioxlde  (TIOy) 1.54 1.45 1.62 1.68 1.54
Iron Oxlide {Fes04) a7 40 32 34 .66
Calclum Oxlde (Ca0) 04 04 .03 04 .02
Magnesium Oxlde (MgO) .08 05 A3 A3 14
Potasslum Oxlde (Kz0) .51 .28 .10 .09 .24
Sodium Oxide {Na2O) .06 03 .08 .08 .06
Loss on ignition {LOI) 13.50 13.70 13.70 14.00 13.70

HIGH TEMP LOW TEMP Sodium

SP100 SP100 Polyacrylate
Dispersant
M.B.I {meg/100g) 3.2 2.6-3.0 1.9-2.4 1.82.2 3.4
SSA mig 15.5 13.0-14.5 10.2-12.0 10.6 15.3
pH @10% Sollds 4.55.5 4.55.5 4.5.5.5 4.85.8 4.5.5.5
M.O.R. (Drled @ 230°F) ibfiin? 200300 100-200 100-200 100-200 100-200
% Water Absorption 1120°C 241 23.2 23.4 225 223
1220°C 15.5 16.3 15.4 16.4 16.1
%LInear Shrinkage Dry-Fired 1120*C 3.9 4.2 4.0 3.9 4.4
1220°C 5.2 5.6 5.9 4.9 6.0
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TECHNICAL DATA

PARTICLE SIZE ANALYSIS AND PROPERTIES
Mean Values. These Do Not Represent A Specification

Mean Percent By Welght on Oxlde Basls

MICRONS g100  HTI00 2 LT400  SLURRYC —  B150

% Flner <20y 98 98 97 a7 98
<10y 92 92 88 89 90

<5y 83 81 76 75 i

<2u 67 58 56 54 58

<1y 56 42 40 39 47

<0.5pu 42 26 22 24 32

ORDERING INFORMATION

Shipping Point: HEPHZIBAH, GEORGIA
ORIGINATING RAIL CARRIER: NORFOLK SOUTHERN

Avallabiilty: 50 LB. BAGS, INTERMEDIATE BULK BAGS, AND BULK
TRUCHK AND RAIL

FOR PRODUCT INFORMATION AND CUSTOMER SERVICE: UNIMIN CORPORATION

US and Canada 800-243-9004 Fax 800-243-9005

Worldwide 203-966-1306 Fax 2039721378

Siilca Sande . Ground Sfica - Feigspar . BaliClay . Kaoln . Mephelne Syanlie . Hign PurityQuariz . Qllvine . Microcrystaiing Shlca . Senfonlis Clay .~ Doiomie

GRADE NUMBERS INDICATE RELATIVE VALWES OR RESULTS. THEY ARE NOT A SPECIFIATION OR WARRANTY OF PERFORMANNCE.

HEALTH HAZARD WARMNING: Long ferm sxposure can cause pneumccomiosla. This materiaf contafne crystalline sillca which can cause prsumocenlosls. Prewmoconlosis js a
ragplratory dlsaaes, which can result In delayed, dlsabling and somatimas fatal lung Injury. 1ARC has datermined that crystalline aillca Inhatad from occupationsl esurces can
cauas cencar In humans. Risk of Injury ia dapandant on the durailon and lavel of axposure. Avold erasting dustwhen handiing, uging or storing. Uee only with adsquats
wantilztion to kasp axposurs balow recommended axposure imita. Follow OSHA or othar relevant sataty and haalth standards for *Particuiates not otharwise clagsifiad™ (PHOC)
and for tha form of eryataliine allica celled Quartz. Current material safaty data shest contalning safafy Informetion is avallabia and should ba consultad bafors opaning.

Mofice: Whiks information contained harsin la comrect to tha bast of our knowisdgs, Unimin Corporstion harein glaclaims sny warranties as to #hs acouracy of the sama.
aticna of suggestlons sre made without gusrantss or representafion as to resuit, since condiflons of usage are bayond our confrol Al materiaie are sold to Unlmin
Corporaflon siengerds terms sng congcltlons of sale and the conditions that buyer enali make hie own teste o daterming the sultsblity of such product for buysr's purpoes. Mo
ghatement coniained narain ehail be conetread g2 8 recommendation to Infrings eny patant

Kaolinf5ilica Contalning
vantagenls a frademark of UNIMIN Corporation or s subsidiarias. AH rights resarved. Haphzibah — Vantage 081
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